Background: Chronic obstructive pulmonary disease (COPD) remains a major public health problem that affects the quality of life of patients, however smoking cessation may emeliorate the functional effects of COPD and alter patient quality of life.
Background
Chronic obstructive pulmonary disease (COPD) is a preventable and treatable disease. Its pulmonary component is characterized by airflow limitation that is not fully reversible. This airflow limitation is usually progressive and associated with an abnormal inflammatory response of the lung to noxious particles or gases, such as those emitted during smoking [1] . COPD has considerable implications on the quality of life of patients and may overload the health care system and increase health care expenditure [1, 2] . Moreover at a global level, COPD is a significant public health issue and is the fourth leading cause of illness and mortality worldwide, while up to the year 2030 it is expected to be the third largest cause of death [3] [4] [5] .
Tobacco smoking continues to be a major cause of COPD, while passive smoking may also contribute to respiratory symptoms and COPD progression [4, 6, 7] . Cigarette smokers have a higher prevalence of respiratory symptoms and lung function abnormalities, while on the contrary, smoking cessation has been found to reduce the rapid decline in FEV 1 [8] . Smoking cessation is the single most effective-and cost effective-way to reduce the possibility of developing COPD as smoking cessation can prevent or delay the development of airflow limitation, or reduce its progression [9] . With the above in mind, active intervention to help patients quit smoking is a primary tool within the ideal management of COPD. Moreover, the Initiative for Chronic Obstructive Lung Disease includes goals related to clinical (prevention of disease progression and minimization of symptoms) and health-related quality of life (improved exercise tolerance and emotional function) among COPD patients indicating the interaction between respiratory illness and quality of life [10] . Health status, functional status, and quality of life are three concepts often used interchangeably to refer to this same domain of health. Indeed, Health-Related Quality of Life (HRQL) is important for measuring the impact of chronic disease such as COPD. With the above initiative in mind, the necessity to develop new questionnaires that assess quality of life within COPD patients was emphasized so as to help determine and treat functional problems which are important in patients with COPD [11, 12] . However as the tool must be easy to use in clinical practice as also evaluate symptoms and the functional and intellectual situation of patients, the Clinical COPD Questionnaire (CCQ) was developed [13] . With the above in mind the aim of the present study was to i) assess the CCQ's validity among both healthy adults and patients with COPD, ii) to assess the test-retest reliability of the CCQ and iii) to assess quality of life among COPD patients before and after smoking cessation.
Methods

Subjects
Three study populations were recruited so as to evaluate the three separate objectives as depicted in the flowchart of Figure 1 . All subjects visited the 10 th outpatient pulmonary clinic of the Sotiria hospital in Athens after a scheduled appointment. So as to assess the internal validity and consistency of the CCQ we enrolled 148 subjects (102 men and 46 women), of these 93 had COPD (67 men and 26 women, aged from 41-90 years) and 55 were healthy participants (36 men and 19 women, aged from 41-60 years old). Healthy subjects were hospital staff while none of these controls reported current respiratory symptoms (cough or dyspnoia). All recruited patients with COPD were stabilized and had a history of smoking >12 pack/years. We excluded COPD patients with: 1) significant improvement of FEV 1 >15% and/or 200 ml compared with baseline (it is diagnostic for bronchial asthma), 2) asthma, chronic heart failure, obstructive sleep apnoea syndrome, cancer or other disabling diseases except COPD, 3) disease exacerbation in the previous four weeks 4) significant self reported shortness of breath in the past 4 days, 5) patients under 40 years of age.
According to the guidelines, COPD was defined by the presence of chronic cough, sputum production and/or dyspnoea and subsequently categorised as either mild, moderate, severe or very severe [10] . According to their 
Lung function testing
All subjects individually, gave their written informed consent for baseline spirometry and before the administration of the questionnaire, as approved by the Medical Ethics Committee of the University of Athens.
Lung function (using FEV 1 and FVC) was measured according to ERS guidelines with the use of wedge spirometry (ZAN 300 CO diffusion), in base condition in all subjects and 15 minutes metered inhalation of 400 mcg of salbutamol, only in patients with COPD. Spirometry was undertaken on all patients to make a confident diagnosis of COPD and to exclude other diagnoses that may present similar symptoms. Spirometry measurements were evaluated by comparison with reference values based on age, height, sex, and race [14, 15] .
Questionnaire selection and procedures
The subjects were requested to complete the Greek version of the SF-12v2 (Short Form Health Survey SF12v2) and the clinical COPD questionnaire (CCQ) [16] ( Table 2 ). Permission for use was obtained from T. van der Molen (2005), who provided the research team with a translated-back translated version of the CCQ in Greek. Participants completed the questionnaire set in a random order to avoid bias. The administrator used a standardized script to explain the requirements of the questionnaires, and any questions were answered. Test-retest reliability was estimated in a second subgroup of 16 stabilized COPD patients, with the CCQ administered at two separate occasions with a difference of 5 days. Responsiveness of the CCQ after smoking cessation, was examined among a third group of 26 patients (16 men and 10 women) who were while readministered the CCQ and SF-12v2 after a period of two months after they were counseled to stop smoking and successfully quit (without them taking any medication or therapy to quit).
The CCQ is a very short 10 question survey through which patients are requested to recall their experiences during the previous week in regards to their symptoms, functional and mental state. It is self-administered and takes patients approximately 2 minutes to complete. It is subdivided into three domains: symptom related (items 1-2-5-6), functional state related (items 7-8-9-10) and mental state related (items 3-4). Subjects respond to each question on a 7 point scale (ranging between 0 = asymptomatic/no-limitation, to 6 = extremely symptomatic/totally limited). The overall clinical COPD control score and the score of the three domains is calculated by adding all the scores together and dividing the sum by the number of questions.
Statistical analysis
The descriptive data is presented as mean ± standard deviation for continuous variables and in percentages (n) for categorical. The internal consistency of the CCQ questionnaire was evaluated with the use of the Cronbach's alpha test while the test retest reliability of the CCQ questionnaire was assessed with the use of the interclass correlation coefficient. During the comparison of the CCQ score before and after smoking cessation, all pairs of questions (before and after smoking cessation) as well as the total score (before and after smoking cessation) were assessed with the use of non parametric tests, as the data was skewed. All reported analyses are based on two sided tests, while statistical significance was noted as p < 0.05. Correlations between the different questionnaires were performed and the R 2 values were also noted. The statistical package SPSS 18.0 was used to perform the analysis.
Results
Internal consistency of the CCQ
The Cronbach's alpha for the Greek CCQ, was calculated at 0.929 for the patients with COPD (n = 93), and similarly in both men (n = 67) and women (n = 26), with a value of 0.932 and 0.926 respectively. Among the entire population, Cronbach's a, was calculated at 0.943 (n = 148).
Test-retest reliability
Test-retest reliability was estimated twice, in a separate population of 16 stable patients so as to assess the interclass correlation coefficient (ICC). The questionnaire was administered to the patients for the first time (t1) during their initial visit. A repeat administration (t2) after 5 days was chosen, in order to minimize clinical or Table 2 The Greek version of the Clinical COPD Questionnaire ΚΛΙΝΙΚΟ ΕΡΩΤΗΜΑΤΟΛΟΓΙΟ ΓΙΑ ΤΗΝ Χ.Α.Π. Πaraalούμε bάlτε sε ύlο τον arιθμό τhς aπάντhshς που πεrιgrάει alύτεra το πώς νιώθaτε aτά τhν τεlευτaίa εbδομάδa.
(μόνο μίa aπάντhsh gιa άθε εrώτhsh)
Κατά cognitive changes but also to reduce any chance recall of previous answers. The mean of ICC value of the total CCQ score was 0.990 (0.971 -0.996). The scores are showed in Table 3 , indicating the test-retest reliability of the CCQ in Greek.
Convergent and divergent validity
In general the domains within the CCQ were strongly correlated with each other, while each domain in separate was strongly correlated with the overall CCQ score (r 2 = 0.953, r 2 = 0.915 and r 2 = 0.842 in regards to the functional, symptomatic and mental domain, respectively). The CCQ scores were also correlated with FEV 1, (r 2 = -0.252, p < 0.001), FEV 1 /FVC, (r 2 = -0.135, p < 0.001) as also with the quality of life questionnaire SF-12 (r 2 = -0.384, p < 0.001) ( Table 4) . A statistically significant decrease in breath function tests (FEV 1, FEV 1 /FVC), and the SF-12 score were noted when the CCQ score increased indicating the construct validity and the external criterion related validity respectively.
Smoking cessation: Sensitivity-responsiveness of the CCQ and quality of life Sensitivity responsiveness was examined in a separate population of 26 patients with COPD (16 men and 10 women, with a median age of 66.5 years (range 45-88), that smoked and were recommended to quit smoking. Among these patients that had successfully quit smoking after 2 months, the CCQ was re-administered. The CCQ scores significantly improved after two months of smoking cessation in patients with COPD. Specifically there was a statistically significant decrease in the frequency of developing shortness of breath during physical activities (p = 0.008), in the appearance of cough (p = 0.002) and phlegm (p = 0.008) as also among daily activities at home (p = 0.034). Strenuous physical activity and moderate physical activity were not affected among these patients. It is interesting to note that the frequency of reporting ever being "concerned about getting a cold or your breathing getting worse" as also feeling "depressed because of your breathing problems" was found to decrease statistically significantly after smoking cessation (p = 0.005 and p = 0.011 respectively), as depicted in Table 5 .
This subgroup of 26 patients with COPD that successfully quit smoking and remained non smokers 2 months after the initial contact also completed the Greek version of the SF-12v2 (before and after two months smoking cessation) through which significant differences in quality of life was noted for all domains (p < 0.05 in all cases) indicating the usefulness of smoking cessation in improving quality of life among COPD patients.
Discussion
Main findings
Within the context of this study, smoking cessation among COPD patients was shown to lead within 2 months to an increase in the rated quality of life in a significant number of health domains, as examined with the use of the clinical COPD questionnaire (CCQ) and the SF12. Moreover the CCQ, was identified as a sensitive and useful tool for assessing quality of life among COPD patients.
In regards to the Greek translation, the internal validity of the applied questionnaire was high among both patients with COPD and healthy volunteers, while the elevated correlations between the CCQ's domains indicate a homogenized questionnaire. In comparison to the Dutch, Italian and Swedish versions of the current On average, during the past 24 hours, how limited were you in these activities because of your breathing problems: [13, 17, 18] . Chronic obstructive pulmonary disease is a major cause of morbidity and mortality worldwide [1, 2] . Among patients with COPD the goals of clinical control include: improved exercise tolerance, emotional function, prevention of disease progression and minimization of symptoms, all of which may lead to an increased quality of life [10] . Quality of life is an important factor in patient treatment and its scientific documentation is a necessity in clinical practice, for instance HRQL in patients with COPD is related to impaired FEV 1 [19] . With this in mind, the CCQ as seen through the context of this study, can pick up the differences noted between each state of COPD and thus help categorize each patient and assess their symptomatic, mental and functional status, with the latter found to be related to the clinical outcome of lung function tests. In general patients with mild COPD have better respiratory function test (FEV 1 , FEV 1 /FVC) than patients with moderate COPD, and this association was also indicated through our study [20, 21] .
Among the factors that are leading causes of COPD is tobacco smoking [2, 3, 8 ] . It causes airflow limitation which is slowly progressive and irreversible. Persistent smoking is associated with rapid longitudinal decline in FEV 1 and poor prognosis, indicating that [1, 4, 8, 9] , smoking cessation is an effective way to reduce the progress of the disease as also the likelihood of actually developing COPD [4, 8, 9, 22] . Smoking cessation leads to prolonged improvements in endothelial function [23] and also associated with substantially improved cardiovascular function and reduced risk of primary and secondary cardiovascular morbidity and mortality [24] . Chronic exposure to cigarette smoke causes increased production of metalloproteinases by macrophages and proteolitic enzymes by neutrophils [25] and decrease in pulmonary mature dendritic cells [26] . Moreover, tobacco smoke compromises the anti-bacterial function of leukocytes, including neutrophils, monocytes, T cells and B cells, providing a mechanistic explanation for increased infection risk which could have an effect on health outcomes [27] . Indeed, patients with COPD have an increased risk of mortality compared to those who do not, with consequent reduction in life expectancy [28] . Smoking cessation can improve the symptoms that COPD patients often experience (such as dyspnoia and cough) as also indicated among the patients of our study, through which smoking cessation led to a statistically significant reduction in COPD symptoms such as cough and dyspnoia as also an increased physical endurance (such as walking up a flight of stairs) with significant clinical implications for patient outcome.
Strengths and limitations
The aim of the current study was to assess the change in HRQL among COPD patients before and after smoking cessation, as also to assess the validity and applicability of the CCQ, therefore we did not investigate into how the 26 COPD patients quit, which was not within the scope of the study and therefore we were not able to assess a success rate in smoking cessation. Among the COPD patients that quit smoking during the duration of the study, respiratory assessment was not available during the post cessation assessment and therefore we were unable to assess the role of smoking cessation on respiratory function with clinical observations, however such scientific evidence is already well known [9, 22] . Moreover the sample size could have been even larger for a complete validation study and we must note that during the analysis we classified three groups of patients with COPD, out of which the sample of patients with severe COPD was low (n = 6) and therefore the results might not be indicative of patients with severe COPD, as this small number of patients were relatively more healthy in comparison to the patients (n = 65) with mild COPD. Furthermore, we did not examine patients with very severe COPD and these factors should be taken into account in future studies.
Conclusions
The clinical COPD questionnaire is the first to have been specifically developed and validated to measure control in patients with COPD. The validation of the questionnaire in Greek and in specific clinical pulmonary disease practice, confirms strong discriminative properties, test-retest reliability and responsiveness. Applying the CCQ within the context of this study, smoking cessation was related to improved HRQL scores, and a reduction in COPD related symptoms, indicating the necessity for active interventions by health professionals to help COPD patients quit smoking as a primary tool for the adequate management of COPD and the patient's quality of life. 
